1. Introduction {#s0005}
===============

The genus *Dracaena* comprises between 60 and 100 species ([@b0015]). It belongs in the family of *Asparagaceae* or *Dracaenaceae* ([@b0050]). *Dracaena* species are exceptional among monocotyledonous plants because of their ability of the secondary growth of stems, branches and roots ([@b0085]). Most of *Dracaena* species grow as shrubs or geophytes. There are only seven species featuring arborescent growth and the xeromorphic *Dracaena cinnabari* belongs to them ([@b0035]).

*D. cinnabari* is a large, single-trunked tree with height up to 10 m and smooth grey bark. Branches with sausage-shaped sections form an umbrella-shaped crown. The crown shape is adapted to arid climates and is affected by the availability of atmospheric moisture. Tough leaves are densely tufted, dark green and elongated, up to 60 cm long and up to 4 cm wide. The leaves are scleromorphic as a specialised feature to prevent excessive loss of water ([@b0050]). Small creamy flowers grow in large terminal panicles. Globose fruits have about 1 cm in diameter and contain from 1 to 3 spherical and brownish-red seeds, which are very hard. Their stage of ripening goes from black to red ([@b0115]). The seeds are spread by birds. Since ancient times, the plant has been used for harvesting blood-red medicinal resin and as fuel wood. Moreover, flowers, fruits and leaves have been used as a source of dry season feed for livestock.

*D. cinnabari* (Dragon's Blood Tree) is an endemic species and the most iconic plant of the Soqotra Island. It is a highly conspicuous element in the landscape of Soqotra, specifically at altitudes between ca. 300 and 1480 m ([@b0050]). Soqotra is an isolated island lying in the Indian Ocean between the Horn of Africa and the Arabian Peninsula. It belongs to the Republic of Yemen. Separated from the continent during the Tertiary period, the island's floral endemism rate makes it one of the most biodiverse islands in the world ([@b0075]). Today, it hosts more than 950 plant species, including some 825 terrestrial plants (430 genera, 114 families) and about 130 algae and seagrasses ([@b0115], [@b0055], [@b0050]). Of the total number of flowering plants and ferns, 37% are endemic, when compared with other archipelagos. In 2003, upon the international recognition of these outstanding attributes, the island became a UNESCO Man and Biosphere Reserve. In 2005, the islands were nominated for World Heritage listing ([@b0055], [@b0155]). According to [@b0055], during the long period of isolation, evolution of the island's flora and fauna has proceeded in various adaptations to cope with the arid, wind-swept environment. The umbrella-shaped shrubs and trees have adopted eco-morphological strategy. The unique vegetation formation adapted to semi-arid environment is an evergreen woodland dominated by the Dragon's Blood Tree (*D. cinnabari*) ([@b0125]). The *Dracaena* woodland covers 3658 ha, i. e. 1.1% of the island ([@b0105]). The general distribution of *Dracaena* on Soqotra reflects the size of areas that are affected by the monsoon mists ([@b0050]).

The Soqotra's flagship species *D. cinnabari* suffers from the lack of regeneration due to intensified goat grazing ([@b0115]). Therefore, the seedlings and young trees grow mainly on rock ledges and other sites that are inaccessible to goats. There are only mature and overmature trees in the accessible terrain. Plant density is not homogenous. The *Dracaena* woodland on Firmihin is considered as one of the oldest forest communities on Earth ([@b0115]). However, further development of this community is not optimistic. Prediction of tree density development was made for Firmihin, the locality with the highest density of *Dracaena* trees ([@b0090]). It showed that the *Dracaena* tree density would decrease by 36% until 2110, if the actual grazing intensity remains unchanged. A similar situation occurs with the Frankincense tree *Boswellia papyrifera* growing in Eritrea and in the Horn of Africa. Its populations are declining due to human pressure and environmental degradation, the trees are found mainly in hilly areas on steep slopes as an adaption to harsh growing conditions ([@b0135]). To assess the perspectives of woodland restoration, [@b0130] examined *Boswellia* seedling densities in grazed woodland and a grazing exclosure in the lower Geba river catchment in northern Ethiopia. According to the results of their experiment, the number of *Boswellia* seedlings varied throughout the year, showing higher values in the rainy season. There were more seedlings in the exclosure than in grazed woodland. The authors also mention dry season as a serious cause of seedling mortality which limits the potential of native woodland recovery. [@b0135] devoted to the role of environment and land use factors determining the distribution limits of *B. papyrifera* in Eritrea. Their field survey was conducted in 113 village areas. Species occurrence was related to rainfall, air temperature, length of growing period, physical and chemical soil factors, topography and land-use types. The results show decreasing distribution as a result of several interrelated human factors such as the conversion of woodlands into agricultural fields and increasing livestock pressure.

The vulnerable Dragon's Blood Tree has been therefore one of the main concerns for conservation efforts and research activities on Soqotra in recent years ([@b0025], [@b0085]). Several detailed studies have been conducted to assess the potential impacts of various environmental factors on the plant development ([@b0050], [@b0185], [@b0155]). However, there is little information about phenology and growth of *D. cinnabari*. There are few current studies related to the growth dynamics of *D. cinnabari* ([@b0020], [@b0025], [@b0085]). Germination of *Dracaena* seeds under greenhouse conditions appears to be unproblematic ([@b0050]). [@b0015] in [@b0050] reported that germination rates as high as 77% could be achieved under greenhouse conditions, and that the mortality of seedlings amounted to only 10%. [@b0040] mentioned comparably low rates of 35% germinability, which would appear to be adequate to maintain populations. In his thesis, [@b0005] carried out a germination experiment using 50 seeds of *D. cinnabari* from the Diksam area and 100 seeds of *Dracaena draco* from Tenerife. The experiment was conducted in the greenhouse of Mendel University in Brno, Czech Republic, at an average temperature of 22 °C. The germination was boosted by variously diluted solutions of hydrogen peroxide. The germination rate of *D. draco* was significantly higher (34%) than that of *D. cinnabari* (5%). One percent hydrogen peroxide solution increased the germination of Dragon's Blood Tree to 22%. [@b0140] studied anatomy and genetic variability of the species using 45 randomly collected seeds from a highland plateau on Soqotra (14 seeds sown in summer 2001, 31 seeds sown in February 2002). The plants were cultivated in a greenhouse of the Botanical Garden of Florence. The authors observed the development of a thick layer of cuticular waxes on the leaves. Unfortunately, they didn't devote their interest to growth dynamics of the seedlings. Under natural conditions, germination and successful establishment are going to be substantially lower ([@b0050]). According to [@b0045], during their germination, the seeds of *D. cinnabari* form a little root and a cotyledon, that remains stuck to the seed like in other monocotyledons. Directly after the germination with the outlet of the little root and of the little leaf, the seeds develop a cylindrical swelling or a tubular epicotyl, which gives rise to a tuber. [@b0045] also claims that at the first stage of germination the little leaves remain etiolated for some days after exposure to light. After a short time, they start to produce chlorophyll and assimilate. Other leaves are green since the beginning. The first three or five leaves are distich disposed, just the next leaves have a pent -- spiral collocation. [@b0095] suppose that *Dracaena* trees grow easily from the seed but their seedlings are very vulnerable to grazing animals. They also point out the fact, that the information about the growth dynamics of *D. cinnabari* is scarce. [@b0040] asserts that the growth of the branches of *Dracaena* trees happens after the development of the terminal bud, after flourishing, or after a traumatic event. Earlier botanists (e.g. [@b0160], [@b0195]) in their studies of palms and other arborescent monocotyledons devoted considerable attention to few forms with secondary vascular tissues. [@b0175] created and described sketches of the habitus of monocotyledons with the secondary growth. According to these authors, the development of *Beaucarnea recurvata*, for example, begins with a rapidly growing main axis, which remains unbranched for several years. [@b0170] studied the peculiarities of branching and crown shape changes in dependence on the plant age. According to [@b0030], widely spread branches and tightly packed leaves may increase the surface area available for the condensation of water from the surrounding fogs and mists. The canopy also creates a cooling shade, which reduces solar radiation and evaporation in the area around the trunk or stem, benefiting both the tree and other plants growing thereunder ([@b0030]). However, the age at which *Dracaena* reaches a particular height or begins to branch, remains unexplored.

The aim of this study is to describe the growth dynamics of *D. cinnabari* seedlings in the first two years after germination. We included also the germination phase as we considered the germination rates reported by [@b0005] very low. Moreover, we focused on two populations (one from the highland plateau of Firmihin and the other one from the Scand Mountain) from different elevations as we had a hypothesis about a certain genetic adaptation to the different conditions. Another intention was to compare seed germination and seedling mortality between the two groups and to find a rational explanation to the obtained results. We also wanted to know if the total plant biomass could be estimated from the plant height. Within the growth dynamics, we hypothesised as follows: (1) the average germination rate would be around 80% and thus the results published by [@b0015] would be corroborated. (2) The length of the highest leaf would be in favour of seedlings from Scand. Let us assume that this was due to genetic adaptation and higher plant resistance in the Scand area (e.g. [@b0030], [@b0050]). (3) The number of leaves would be higher in the plants from Firmihin as an adaptation to the drier and warmer climate and more effective interception of horizontal precipitation (e.g. [@b0030], [@b0050]). (4) The leaf length increment would reflect seasonal changes. (5) The average mortality rate of seedlings would be about 10% as well as in the study written by [@b0015].

2. Materials and methods {#s0010}
========================

2.1. Study area {#s0015}
---------------

The Soqotra Archipelago, situated in the northern part of the Indian Ocean between 12°06′--12°42′N and 52°03′--54°32′E, comprises the name-giving Soqotra Island, the islets of Abd-al Kuri, Samha and Darsa and a few cliffs ([@b0100]). The major island, Soqotra, the furthest east of the group, is approximately 3600 km^2^ in area, spanning 133 km west to east and 43 km north to south ([@b0055]). According to [@b0110], the islands are situated in the arid tropical zone where evapotranspiration generally surpasses precipitation by far. The climate of ecoregions is influenced by the south-west (summer) and north-east (winter) monsoons. The south-west monsoon (from May to September) brings only humidity, the north-east monsoon (from November to March) is milder but brings expected winter rain ([@b0150], [@b0070]). The remaining part of the year is characterised by dry weather conditions. Soqotra can be divided into three physiographic zones: the coastal plains, the limestone plateau and the igneous Haggeher Mountains ([@b0115]). According to [@b0025], *D. cinnabari*, absent in the west, has a fragmented distribution in the central and eastern part of the island. It is common and often abundant on the granites of the Haggeher Mountains (Scand) and the adjacent limestone plateaus (Firmihin) where it is frequently dominant in the evergreen and semi-deciduous woodland ([@b0115]). The species occurrence dominates above 600 m a.s.l.

The seeds used in our experiment originated from the two last closed populations of *D. cinnabari*: from the Firmihin plateau at an altitude of approx. 580 m a.s.l. and from Scand situated at approximately 1450 m above sea level.

Firmihin is a highland plateau in the central part of the island. Altitude of the plateau ranges from 390 to 760 m a.s.l. According to [@b0120], the area belongs to the third vegetation belt where the plant starts to be dominant. According to [@b0080], annual mean temperature on Firmihin is 23.4 °C, daily means range between 20 °C in February and 29 °C in May. The minimum temperature recorded on the plateau was 14.35 °C in January, the maximum temperature recorded was 36.26 °C in May. Annual mean relative air humidity is 71.87%. Horizontal precipitation is relatively low and infrequent compared to Scand; therefore, the crowns are wide. Firmihin is a limestone plateau. Karstification of the landscape is a conspicuous feature and locally, the limestone is interrupted by small areas of sandstone ([@b0050]). The soil is characterised by high calcium content and lower content of organic carbon with quick mineralisation. In general, the surface topography is characterised by the eroded limestone bedrock and by soils deficient in organic material ([@b0050]). Two deep ravines surround and protect this amazing protected area. Due to this phenomenon, the unique vegetation has been preserved there, headed by the largest closed stand of Dragon's Blood Tree on the island. In spite of geographic barriers, all natural regeneration is decimated by browsing.

Scand is situated northeast of Firmihin, in the Haggeher Mountains, which are strongly dissected by deep wadis, sheltered gullies and cliffs ([@b0050]). With 1526 m a.s.l., Scand is the highest peak of the island. According to [@b0120], the area belongs to the fifth vegetation belt where the plant is dominant. According to [@b0080], annual mean temperature on Scand is 17.85 °C. Minimum temperature recorded on Soqotra was 8.16 °C on Scand in January, the maximum recorded was 31.96 °C in May. Annual mean relative air humidity is 80.03%. Horizontal precipitation is typical of the Scand area (higher air humidity, frequent fogs). Relative humidity is at or close to 100% for most of the period of darkness ([@b0050]). Therefore, the crowns are narrower up to conical shape. The Haggeher Mountains represent a massif of granite. Thin and little developed soil is characterised by higher sodium content due to the presence of Riebeckite mineral. Natural regeneration is more successful in contrast with Firmihin due to the broken topography and inaccessible localities with steep slopes, which are protected against grazing and human impact (particularly in sheltered gullies, in cracks and on the peaks).

2.2. Seed collection, planting and measurement of seedlings {#s0020}
-----------------------------------------------------------

In total one hundred and forty seeds were collected at the turn of January and February 2011 on Firmihin (N12°28,867′; E54°0,602′) and on Scand (N12°34,592′; E54°01,642′), 70 seeds per locality. On both localities, sites of less exposed eastern slopes were chosen. Slope was 15° on Firmihin and 45° on Scand. Altitude was 580 m a.s.l. on Firmihin and 1450 m a.s.l. on Scand. The seeds have probably been lying on the ground for no more than seven days. They were collected at the slope bottom under crowns of ca. 10 trees on each locality, stored in laboratory tubes and with the permission of Yemeni nature conservation authorities they were transported to the Czech Republic. The research could not be done on the island because the observation of plants and their periodic measurement were impossible.

The two-year experiment was conducted in Brno (Czech Republic) in the period from March 2011 to June 2013. The Czech Republic has a moderate continental climate with warm, dry summers and fairly cold and snowy winters. Brno belongs among the warmest places in the country with an average annual temperature of 8.8 °C, an average annual precipitation of 493 mm and an average annual hours of sunshine of 1678 h ([@b0065]). One hundred high quality -- large, brownish and undamaged -- seeds were sown on 9 March 2011 separately into pots of 350 ml and planted under uniform conditions -- constant room temperature (20--23 °C) and relative humidity (55--60%), twice-weekly watering, the same soil substrate (universal full-featured cultivation soil substrate with adjusted organic matter content and proper acidity), the same light intensity (S-facing windows, no curtains). We did not use any germinator or solution accelerating the germination.

After germination, measurements of the above-ground part were carried out at one week interval. Every new leaf was numbered and the length of each leaf was measured continuously until the end of the experiment. The seedlings were transplanted into larger pots on 22 December 2011.

2.3. Data analysis {#s0025}
------------------

To assess differences in germination rates and seedling mortality between the two localities (Firmihin/Scand), we used a logistic regression approach. Locality (Firmihin/Scand) was used as an explanatory variable. The growth dynamics during the whole experiment was visually explored using graphs for the length of the first leaf, length of the highest leaf, total length of all leaves and for the number of leaves with a smoothed curve added separately for Firmihin and Scand seedlings using the loess method (local polynomial regression, [@b0060]). The significance of differences between the localities was tested at the end of the first half of the experiment and at the end of the whole experiment (week 50 and week 122) using the double sided *t*-test (variant with unequal variance). All statistical analyses were performed in the R statistical environment ([@b0145]), graphs within ggplot2 package ([@b0190]).

3. Results {#s0030}
==========

3.1. Germination {#s0035}
----------------

The seedlings germinated within a time period from four to ten weeks after sowing the seeds. The highest germination rate was observed in the fifth and sixth week (between 1 and 7 April 2011) in the case of seeds from Firmihin, and in the seventh and eighth week (between 14 and 21 April 2011) in the case of seeds from Scand. The result indicates that 73 out of 100 seeds (Firmihin/Scand) germinated under proper conditions. The germination rate was somewhat higher on Firmihin (90%) than on Scand (78%); however, this difference was not significant (*p*-value = 0.098). One week after germination, the first leaf started to develop and elongate.

3.2. Growth dynamics {#s0040}
--------------------

An average increment for the whole period of measurement was 0.211 cm per week. The length of the first leaf ([Fig. A.1](#f0005){ref-type="fig"}) could not be compared with the length of the highest leaf ([Fig. A.2](#f0010){ref-type="fig"}). While the average length of the highest leaf was almost the same (24.9 cm) in the two groups (Firmihin/Scand), the average length of the first leaf was 23.5 cm for Firmihin/Scand at the end of measurement. Although the length of the first leaf ([Fig. A.1](#f0005){ref-type="fig"}) was slightly greater in the seedlings from Scand than from Firmihin in the first half of observation (until week 75 at the beginning of August 2012), the difference was not significant for week 50 ([Table 1](#t0005){ref-type="table"}). Similarly, it was not significant at the end of the experiment when the first leaf on Firmihin was somewhat longer than on Scand. We observed a similar pattern for the height of the above-ground part of the plant expressed by the length of the highest leaf ([Fig. A.2](#f0010){ref-type="fig"}). The height of seedlings from Scand was somewhat greater throughout the period of observation, but the difference was not significant ([Table 1](#t0005){ref-type="table"}). Significant differences between the seedlings from Firmihin/Scand were found in the number of leaves and in the sum of lengths of all leaves on one plant. The number of leaves ranged from 8 to 16 in the seedlings from Firmihin and between 8 and 12 in the seedlings from Scand at the end of measurement ([Fig. A.3](#f0015){ref-type="fig"}). On average, it was higher on Firmihin than on Scand, 12 versus 10 leaves respectively. The difference in the total number of leaves was 132 in favour of plants from Firmihin at the end of June 2013. In the case of seedlings from Scand, the number of leaves was increasing more or less constantly up to week 75 of measurement (early August 2012), slowed down in the autumn of 2012, and then increased in the spring. Compared with Scand, the process of leaf development in the plants from Firmihin was more dynamic. The seedlings from Firmihin had less leaves in the first half of the experiment, but more leaves from the second half up to the end of the experiment. This trend was very similar for the sum of the lengths of all leaves indicating that the number of leaves mostly influenced this summed leaf length ([Fig. A.4](#f0020){ref-type="fig"}). The total length of leaves was greater in the Scand plants until the end of November 2012. Two months later (in week 100), the total length between the two groups was equalled, followed by a greater total leaf length of Firmihin seedlings at the end of the two-year measurement.Figure A.1Development of the first leaf length during the whole experiment. Smoothed curves are fitted separately for Firmihin and Scand using the loess method. Grey areas show a period from the autumnal to vernal equinox. The bold black vertical line represents week 43 when the seedlings were transplanted.Figure A.2Length of the highest leaf.Table 1*t*-Test results showing the significance of the effect of locality (Firmihin/Scand) on the measured parameters in week 50 and at the end of the experiment (week 122). The effect of locality was significant only for the length of all leaves and for the number of leaves per plant.ParameterWeek 50Week 122*t*d.f.*p*-Value*t*d.f.*p*-ValueLength of the first leaf−1.22060.00.2271.59958.90.115Length of the highest leaf−1.32660.70.190−0.25870.70.797Length of all leaves−2.94251.70.0054.11659.0\<0.001Number of leaves−2.68354.90.0103.96365.0\<0.001Figure A.3Number of leaves.Figure A.4Length of all leaves.

3.3. Mortality {#s0045}
--------------

Out of 45 germinated seedlings from Firmihin, five died during the experiment. Out of 39 germinated seedlings from Scand, six died. This shows that the mortality was almost the same (difference was not significant with *p*-value = 0.568). The first seedling died about 3 months after seeding (source from Firmihin). Most of the seedlings withered during the autumn and winter of 2011, in the period from 13 October 2011 to 5 January 2012. We responded to the increasing mortality rate by transplanting the seedlings into larger pots on 22 December 2011. The last two plants withered in the summer of 2012 (plants from Scand).

4. Discussion {#s0050}
=============

4.1. Germination {#s0055}
----------------

The highest germination was observed in the sixth and seventh week after sowing, during April 2011. The seeds from Firmihin germinated about ten days before the seeds from Scand. It could have been given by the lower vitality of seeds from Scand, which were visibly smaller than the seeds from Firmihin. Moreover, the seeds were collected from the ground, because infructescences in the crowns were already dry. The phenology of *D. cinnabari* is not yet known, but local Soqotrans claim that phenological phases of the species do not repeat in regular time periods. The difference in the germination rate on Firmihin (90%) and on Scand (78%) was non-significant. The slightly higher germination rate on Firmihin could have been also caused by the better seed quality. The results confirm our hypothesis 1 and the statement of [@b0015] that germination rates as high as 77% could be achieved under greenhouse conditions. Our results showed even a slightly higher germinability under controlled room conditions than in the greenhouse, particularly for Firmihin. [@b0015] used the seeds from the Diksam plateau situated at the same altitude as Firmihin. The air temperature in their greenhouse (22 °C) was similar to our in-room temperature (21 °C). The results also confirm the opinion that the germination of *Dracaena* seeds under artificial conditions seems to be unproblematic ([@b0050]). We agree with [@b0050] that germination under natural conditions is going to be significantly lower. The seeds are eaten by birds (on the other hand, scarified seeds in bird droppings may shorten dormancy). Some seeds exposed to sunlight dry out from the lack of moisture, namely those on the bare ground without a litter layer. Higher humidity in the mountain area ensures successful germination of seeds fallen into the cracks of bare rocks.

4.2. Growth dynamics {#s0060}
--------------------

Weekly measurements of seedlings increments have not been taken before. [@b0045] described the plant morphology of young plants. According to him, at the first stage of germination, little leaves remain etiolated for some days after exposure to light. According to our observations, the first leaf remains etiolated no later than 2 days after exposure to light and then turns green due to chlorophyll production and assimilation. As [@b0045] states, further leaves are green since the beginning. Based on our observations, we can confidently confirm the opinion of [@b0175] that the plant growth begins with a rapidly growing main axis, which is typical for monocots with the secondary growth. After germination, the new plant probably puts most of its energy into creating a storage organ in the form of underground tuber, and into terminal leaf development. Other parts of the plant body develop only after the above-described main growth has been completed. Another formation of leaves was observed in May 2011, approximately from the third week at an average length of the above-ground part being 1.7 cm. New leaves started to elongate rapidly, overgrowing the first leaf at the beginning of the growing season in 2012. This trend was more pronounced in the seedlings from Scand where the further leaves overgrew the first leaf in almost a half of the seedlings (data from week 75). In contrast, the further leaves of plants from Firmihin overgrew the first leaf in less than a quarter of plants. Nevertheless, the differences in values between the two populations proved as non-significant. The results were almost equal at the end of measurement in June 2013, when the other leaves in more than a half of the seedlings from both populations overgrew the first leaves, as seen in [Fig. A.1](#f0005){ref-type="fig"}. In view of the results, the first developed leaf wasn't generally the highest leaf on the plant in the end of our experiment. [Fig. A.2](#f0010){ref-type="fig"} shows the height of the above-ground part of the plant expressed by the length of the highest leaf. The seedlings from Scand were somewhat higher throughout the period of observation, but the difference was not significant. An average plant length for both populations started to be similar almost at the end of measurement between March and May 2013. The recorded outcome disproved our hypothesis 2 that the length of the highest leaf would be in favour of seedlings from Scand due to the genetic adaptation and higher plant resistance in the Scand area. The gradual equalisation in the length of the highest leaf might have been caused by the lateral development of roots in the seedlings from Scand. The development of other leaves may increase the surface area available for the condensation of water from the surrounding fogs and mists ([@b0030]) to compensate for the lacking soil moisture. Thus, the plant ensures a sufficient water supply necessary for the dissolution of substances, moving nutrients throughout the plant body, vital metabolic processes and thermoregulation ([@b0165]). [@b0030] or [@b0050] mentioned that the leaves are narrow, elongated and sometimes curved due to reduced solar radiation and evaporation. As shown in [Fig. A.3](#f0015){ref-type="fig"}, the increase in the number of leaves on one plant from Scand was more or less gradual, without significant fluctuations. Compared to plants from Firmihin, the number of leaves in the seedlings from Scand was slightly higher until early May 2012 in response to shorter sunshine during the period of vegetative rest. The difference in the number of leaves in favour of plants from Firmihin started to increase noticeably from the beginning of the vegetation season in the second year of measurement. Our hypothesis 3 about a higher number of leaves in the plants from Firmihin as an adaptation to drier and warmer climate and a more effective interception of horizontal precipitation was confirmed. A significant difference was found also in the sum of the lengths of all leaves on one plant ([Fig. A.4](#f0020){ref-type="fig"}). The results show the same trend as in the number of leaves. The results indicate different growth dynamics at the first stage of development. While the seedlings from Firmihin invest more energy into the construction of root system and into the wide spreading above-ground part with a large number of leaves, the plants from Scand invest more energy into faster leaf elongation rate, at the expense of root development and increased number of leaves. It should be emphasised that the plants from Scand were exposed to less favourable growth conditions compared to natural conditions, where much higher air humidity with frequent drizzles and mists is typical. According to [@b0050], investing more energy into the construction of tougher, longer-lived leaves with a thick layer of cuticular waxes protects the plants considerably from the mechanical damage and makes them less attractive to small herbivores. Moreover, the shape of the above-ground parts of seedlings confirms the well-known theory published by [@b0180] in [@b0050], that leaves consistently exposed to the sun are inclined at a much steeper angle to the horizontal plane than shade leaves of the same species. Hypothesis 4 about the dependence of the length increment on seasonal changes was verified. Compared to the growing season, the plants grew slower during the period of vegetative rest due to worsened ambient conditions.

4.3. Mortality {#s0065}
--------------

Out of 84 germinated plants, about 13% died during the period of measurement. The recorded number confirms the data published by [@b0015] and our hypothesis 5 that an average mortality rate of seedlings ex-situ is about 10%. As [@b0050] mentioned, the survival of plants is substantially lower under natural conditions. The significant difference between Firmihin and Scand was not proven. Most of the plants died during the period of vegetative rest in the second year of observation. The higher mortality rate could have been due to a combination of several negative factors (esp. shorter sunshine duration and lower light intensity).

Despite an undeniable importance of the endemic species of Soqotra, the research on its growth dynamics is still in its infancy. Only a few studies have been devoted to the germination and growing patterns of *D. cinnabari* at the stages of early growth. The reason is a ban on exporting the products of nature out of the island and difficulties with ensuring a long-term stay. This research was carried out thanks to a special permission issued by The Environment Protection Authority, which is an administrative body of the Ministry of Water and Environment in Yemen. Previously published data regarding the observation and measurement of young plants are thin, the seeds originating from a single population and the seedlings being planted artificially, under regulated in-room or greenhouse conditions. Natural conditions differ from the controlled cultivation by specific features of the subtropical monsoon climate together with insular biogeography (absence of vertical precipitation for most of the year, horizontal precipitation, two monsoon seasons accompanied by rains, temperature fluctuations between day and night, much higher sunlight intensity, different soil types and bedrock, very little or no soil layer, overgrazing, etc.). The Czech research team from the Mendel University in Brno established a fenced sample plot with the *Dracaena* seedlings on the Dixam plateau six years ago. The ongoing measurement of seedlings at two-year intervals is a next step to elucidate the growth dynamics of young *Dracaena* plants in situ.

The paper demonstrates very little known facts about *D. cinnabari* and its distinct phases during early stages of development as well as about growth of seedlings. The species is dramatically threatened with extinction, because the natural regeneration is extremely limited by excessive goat grazing and changing environmental conditions. It is very important to study germination and growth dynamics of this highly endangered species under controlled conditions, because the pasture management is deep-rooted in the culture of local people. Artificial regeneration seems to be the only way to protect one of the oldest plant species on Earth.
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